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IS 1'493 (Part 5) : 1990; IS0 4693 : 1986 '

Indian Standard

METHODS OF CHEMICAL ANALYSIS OF IRON ORES
PART 5 DETERMINATION CONTENT-FLAME ATOMIC OF COPPER ABSOR'PTION `

SPECTROMETRIC NATIONAL FOREWORD

METHOD

This Indian Standard (Part 5). which is identical with IS0 4693 : 1986 `Iron ores -Determination of copper content-Flame atomic absorption spectrometric method', issued by the Interna?ional Organization for Standardization (ISO), was adopted by Bureau of Indian Standards on 16 April 1990 on the recommendation of the Methods of Chemical Analysis of Ores, Minerals and Refractories Sectional Committee (MTD 29) and approval of the Metallurgical Engineering Division Council. IS 1493 was first published in 1959~andsubsequently revised-as IS 1493(Pan 1): 1981 `Methodsof chemical analysis of iron ores: Part 1 Determination of common constituents', which covered the chemical analysis of iron ores for determination of moisture, silica, iron, Phosphorous (2 0.5 percent), aluminium and sulphur by conventional methods, namely, gravimetric and volumetric methods. The chemical analysis for determination of remain,ing constituents by conventional method will be covered in Part 2 of this standard, which is under~preparation. Since atomic absorption spectrometry (AAS) for iron-ore has greatly facilitated the determination of many of the constituents. a need was felt to formulate standards in this fiefd, which have resulted in the publication of the following parts of this standard: IS 1493 Methods of chemical analysis of iron orest: IS 1493 (Part 3) : 1987 Determination of titanium, magnesium by atomic absotption spectrometry. IS 1493 (Part 4) : 1987 Determinetion IS 1493 (Part 6) : 1990 Determination spectrometry. This part 5 covers the determination chrc&um~~a&um, calcium and

of aluminium by atomic absorption spectrometry. of sodium andlor potassium by atomic absorption

of copper by atomic absorption spectrometric method.

In the adopted standard certain conventions are not identical with those used in Indian Standard. Attention is specially drawn to the following: a) Wherever the words'lnternational be read as `Indian Standard'. Standard'appear referring to this standard, they~should

b) Comma (.) has been used as d decimal marker, while in Indian Standards the current practice is to use,point (.) 1~s the decimal marker
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CROSS REFERENCES In this Indian Standard, the following international standards are referred to. Read in their respective places the following:
International Standsrd Indian Standard Degree of Corresnond&we

IS0

Laboratory glasswareOne mark pipettes
648

IS I

I I7

: 1975 One-mark pipette

Technically equivalent

(first revision)

IS0 1042 Laboratory glasswareOne mark volumetric flask. IS0 3081 Iron ores-increment sampling-Manual method IS0 3082 Iron' ores-Increment sampling and sample preparation-Mechanical method IS0 3083 Iron ores-Preparation of samples-Manual method

IS 915 : 1975 One-mark volumetric flasks (first revision)

Technical,ly equivalent

1

IS0 7764 Iron ores-Preparation of predried test, samples for chemical analysis J

I'
IS 1405 `sampling
,revision)

: 1982 Methods of of iron ores (second

Technically equivalent
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1

Scope

and field of application

4.2 4.3 4.4 4.5 4.6

Sodium carbonate

fNa&Osl,

anhydrous.

This International Standard specifies a flame atomic absorption spectrometric method for the determination of the copper content of iron ores. This method is applicable to a concentration range of 0,003 to 1.0 % (m/m) of copper in natural iron ores, and iron ore concentrates and agglomerates including sinter products.

Hydrochloric

acid, Q 1.16 to 1,19 g/ml.

Nitric acid, Q 1.4 g/ml.

Hydrochloric

acid, Q 1.16 to 1.19 g/ml, diluted 1 + 2.

2

References
glassware One-mark pipettes.

Nitric acid. Q 1,4 g/ml, diluted 1 + 1,

IS0 648, Laboratory

4.7
IS0 1042, Laboratory
flasks. IS0 3081, iron ores IS0 3082, Iron ores tion Mechanical Iron Increment Increment sampling glassware One-mark volumetric

Perchloric acid, 60 % hx!m) solution, Q 1.54 g/ml, or 70 % (mlm) solution, Q 1.67 g/ml.

Manual method.

4.6

Hydrofluoric acid, 40 % (mlm) or 48 % (m/ml solution, Q 1,165 g/ml.

solution, Q 1.13 g/ml

sampling and sample prepara-

method. 11 Preparation of samples Manual

4.9

Background

solution.

IS0 3083,
rnethod.

ores

IS0 7764, Iron ores chemical analvsis.

Preparation

of predried test samples for

Dissolve 15 g of iron metal powder (4.1) in 150 ml of hydrochloric acid (4.5). Cool the solution to room temperature, add 10 ml of nitric acid (4.4). Heat carefully to eliminate nitrous gases, add 250 ml of perchloric acid solution (4.7) and evaporate the solution to fumes. Allow to fume for 10 min. cool and dilute to 1900 ml with water.

3

Principle
4.10 4.10.1 Copper standard solutions. Stock solution

Decomposition of a test portion by treatment with hydrochloric, nitric and hydrofluoric acids. Evaporation with petchloric acid, dilution and filtration of any insoluble residue. Measurement of the copper content of the solution by atomic absorption spectrometry using an air-acetylene flame.

4

Reagents

Dissolve 1,ooO g of pure metallic copper in 30 ml of nitric acid solution (4.61, heat to remove nitrous gases, cool and transfer to a 1 00 ml volumetric flask. Dilute to the mark with water and mix. 1 ml of the stock solution contains 1,OOmg of copper.

During the analysis, use only reagents of recognized analytical grade, and only distilled water or water of equivalent purity. 4.10.Z NOTE - The distillation apparatusused should not contain any copper, and deionizedwater shouldnot come into contact with copper tubingor taps. 4.1 Iron metal powder, copper content < 0,001 % (m/m). Stdnderd solution A

Transfer 100 ml of the stock solution (4.10.1) to a 1 000 ml volumetric flask. Dilute to the mark with water and mix. 1 ml of this standard solution contains 0,lO mg of copper.

1J At presentat the stage of draft

3

IS 1493 (Part 5) : 1990 IS0 4693 : 1936

4.,.10.3 Standard

solution B

6
6.1

Sampling and samples
Laboratory sample

Transfer ld ml of the standard solution A (4.102) to a 100 ml volumetric flask. Dilute to the mark with water and mix. 1 ml of this standard solution contains 0,010 mg of copper.

For analysis, use a laboratory sample of minus 100 Mm particle
size which has been taken in accordance with IS0 3081 or

5

Apparatus

IS.03082 and prepared in accordance with IS0 3082 or IS0 3083. In the case of ores with significant contents of combined water or oxidizable compounds, use a particle size of minus 160 pm, NOTE - A guidelineon significantcontentsof combinedwater and
oxidizable compounds is incorporated in IS0 7764.

NOTE - Unless otherwise indicated, any pibettes and volumetric flasks required shall be one-mark pipettes and volumetric flaskscomplying with the accuracy specifications of IS0 648 and IS0 1042. Ordinary laboratory equipment and

6.2

Preparation

of predried test samples

5.1

Polytetrafluoroethylene 150 ml.

(PTFEI beakers, of capacity

5.2

Atomic

absorption

spectrometer.
used will be satisfactory if

Thoroughly mix the laboratory sample and, taking multiple increments, extract a test sample in such a manner that it is representative of the whole contents of the container. Dry the test sample at 105 + 2 OCas specified in IS0 7764. (This is :he predried test sample.)

The atomic absorption it n&s the following

spectrometer criteria

7
7.1

Procedure
Number of determi,nations

:

a) Minimum sensitivity - the absorbance of the calibration solution of highest copper content (see 7.5.3) when measured in a flame of 10 cm path length is at least 0.3.

Carry out the analysis at least in duplicate in accordance with
annex-A, independently, on one predried test sample.

b)

Curve linearity

-

the slope of the calibration

graph

covering the top 20 96 concentration range (expressed as a change in absorbance) is not less than 0,7 of the value of the slope for the bottom 20 % concentration range determined in rhe same way.

NOTE - The expression "independently" means that the second and any subsequent result is not effected by the previous result(s). For this particular analytical method, this condition implies that the rape&ion of the procedure shall be carried out either by the aame~operator at a different time or by a different operator including, in either case, appropriate recalibration.

c) Minimum stability - the standard deviation of the absoibance of the calidration solution of highest concentration and the standard deviation of the absorbance of the zero calibration solution, each being calculated from a sufficient number of repetitive measurements, are less than 1.5 % and 0.5 % resoectivelv of the mean value of the absorbance tion. of the calibration solution of highest concentra-

7.2

Safety precautions

Follow the manufacturer's instructions for igniting and extinguishing the air-acetylene flame to avoid possible explosion hazards. Wear tinted safety glasses whenever the burner is in operation.
7.3

Blank test and check test

NOTES 1 The use of a strip-chart recorder and/or digital read-out device is recommended to evaluate these criteria and for all subsequent measurements. 2 A background corrector equipped with a hydrogen or a deuterium hollow cathode lamp is advisable for the concentration range of 0,003 to 0,010 % Imlm) of copper. 3 Instrument parameters may vary with each instrument. The following parameters were successfully used in several laboratories and they can be used as guidelines. Solutions were aspirated into an airacetylene flame of a premix burner. Copper hollow cathode lamp ImA) Wavelength (nmJ Air flow rate lI/minJ Acetylene flow rate Illmin) 3 324.7 10 2

In each run; one blank test and one analysis of a certified reference material of the same type of ore shall be carried out in parallel with the analysis of the ore sample(s) under the same conditions. A predried test sample of the certified reference material shall be prepared as specified in 6.2 (see the note). When the analysis is carried out on several samples at the same time, the blank value may be represented by one test, provided that the procedure is the same and the reagents used are from the.same reagent bottles. When the analysis is carried out on several samples of the same type of ore at the same time, the analytical value of one certified reference material may be used.
NOTE - The certified reference material should be of the same type as the sample to be analysed and the properties of the MIJ materials should be sufficiently similar to ensure that in either case no significant changes in the analytical procedure would become necessary.

In systems where the values shown for gas flow rates do not apply, the ratio of the gas flow rates may still be a useful guideline.

4
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7.4

Test portion

7.5.3

Preparation

of the set of calibration

solutions

Taking several increments, weigh, to the nearest 0,000 2 g, approximately 09 g of the predried test sample obtained in accordance with 6.2.
NOTE - The test portion should be taken and weighed quickly in order to avoid reabsorption of moisture.

Depending on the expected copper content in the sample, prepare calibration solutions using standard solution A (4.10.2) or standard solution Et (4 10.3). For the concentration range of 0,Ol to 1 % Imlm) of copper, use standard solution A (4.10.2). For the concentration range of 0,003 to 0,02 96 (m/m) of copper, use standard solution 6 (4.10.3). Transfer l,O; 3.0; 5.0; 7.0 and 10,O ml portions of the appropriate standard solution to 100 ml volumetric flasks and add 20.0 ml of background solution 14.9). Dilute each solution to the mark with water and mix. Prepare a zero calibration solution by transferring 20,O ml of background solution to a 100 ml volumetric flask. Dilute to the mark with water and mix.
NOTE - The range of copper concentration that can be cdvered may vary from one instrument to another. Attention should be paid to the minimum performance criteria in 5.2. For instruments with high sensitivitv, the calibration series can be prepared using only standard solution B with increases as necessary in the volumes taken.

7.5 7.5.1

Determination Decomposition of the test portion

Transfer the test portion (7.4) to a 150 ml PTFE beaker (5.1). Moisten with a few millilitres of water, add 15 ml of hydrochloric acid (4.3). cover with a watch-glass, and heat gently. Increase the heat and digest just below boiling urftil no further attack is apparent. Add 5 ml of nitric acid (4.4) and heat for 10 min. Remove the watch-glass, add 3 ml of hydrofluoric acid solution (4.8) and heat for a further 10 min. Wash down the walls of the beaker with water andadd 5 ml of perchloric acid solution 14.7). Heat slowly, evaporating until dense white fumes of perchloric acid are~evolved. Allow to fume for 2 to 3 min. Allow the solution to cool, add 50 ml of water and heat gently to dissolve the soluble salts. Filter the solution through a close-texture paper, collecting the filtrate and washings in a 100 ml volumetric flask. Wash the paper and the residue thoroughly with warm water. Cool the final solution, dilute to the mark with water and mix. (This is the test solution.1 NOTE - If a significant amount of residue remains from the decomposition process or if any residue is suspected to contain a significant amount of copper, such residue shall be examined separately for copper content after ignition, fusion with the sodium carbonate (4.2). and dissolution of the melt tn nitric acid diluted 1 + 50. An appropriate blank test solution should also be prepared. The result obtained from a copper determination on any insoluble residue shall be combined with the result obtamed for copper in the main test solution.

7.5.4

Adjustment

of atomic absorption spectrometer

Set the wavelength for copper (324.7 nml to obtain minimum absorbance and adjust the read-out to zero absorbance. Light the air-acetylene flame. After 10 min preheating of the burner, aspirate water and, if necessary, readjust the read-out to zero absorbance. Aspirate the calibration solution of highest copper content (7.5.3) and adjust the fuel flow and burner position to obtain maximum absorbance. Check that conditions for zero absorbance have been maintained and evaluate the criteria in 5.2. Repeat the aspiration of water and the calibration solution of highest copper content to establish that the absorbance reading is not drifting, and set the reading for water to zero absorbance.

7.5.5

Atomic

absorption

measurements

7.5.2

Treatment

of the solution

If the copper content is over 0,2 % (or 0.1 % in the case of instruments with high sensitivity), dilute the test solution as follows : transfer an aliquot fx ml, where x should not be less than 20 ml) to a 100 ml volumetric flask. Add 0.2 (100 - x1 ml of background solution 14.9) and dilute to the mark with water and mix. (This is the diluted test solution.) fJSee the note.) lfthe copper content is less than 09 % (or 0,l 96 in the case of instruments with high sensitivity), the absorqtion measurement of the main solution is carried out without dilution. When a diluted test solution is to be used, a diluted blank test solution should be prepared as follows : transfer x ml of the blank test solution to a 100 ml volumetric flask, add 0.2 1100 - X) ml of background solution (4.91,`dilute to the mark with water and mix.
NOTE - For instruments with high sensitivitv this dilution may need to be made if the copper content is between 0.1 and 0.2 % fmlm). If the cooper content is between 0.5 and 1 96 Imlnt) with instruments of hiqh sensitivity the value for v should not be less than 10 ml.

Aspirate the calibration solutions and the test or diluted test solution in the order of increasing absorption, starting with the zero calibration solution and the blank testor diluted blank test solution. When a stable response is obtained for each solution, record the readings. Aspirate water between each calibration and test solution. Repeat the measurements at least twice more. If necessary, convert the average ot the readings for each calibration solution to absorbance. Obtain the net absorbance of each calibration solution by subtracting the average absorbance of the zero calibration solution. Ina similar manner, obtain the net absorbance of the test solution or diluted test solution by subtracting the absorbance of the btank test or diluted blank test solution, Prepare a calibration graph by plotting the net absorbance values of the calibration solutions against the concentration, in micrograms df copper per millilitre. Convert the net absorbance value of the test solution or diluted test solution to micrograms of copper per millilitre by means of the calibration graph.

5
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8 ' Expression
8.1 Calculation

of results
of copper content

82.2

Acceptance

of analytical

v&es

The copper content. M'C", is calculated as a percentage by mass, to five decimal places, using the equation QC,, x loo &PC,,(%) = 1111 x ioooo

The result obtained for the certified reference material shall be such that the tdifference between this result and the certified value of the reference material is statistically insignificant. For a reference material that has been analysed by at least 10 18boratoriesusihg method(s) that are comparable both in accuracy and precision with this method, the following conditions may be used to test the significance of the difference:

Nhere

ecu

is the concentration, in micrograms per millilitre. of copper in the test solution or diluted test solution;

A c is the certified value; A is the result or the mean of results obtained for the certified reference material; sL, is the between-laboratories standard deviation of the certifying laboratories; swc is the within-laboratory standard deviation of the certifying laboratories; nwc is the average number of replicate determinations in
laboratories;

171 1 is the mass. in qrams, of the test nortion in 1GlI ml volume of the test solution or diluted test solution. lrn, = m2x/100, where I,Q is the mass, in grams, of the test portion and s is an aliquot. in millilitres, taken in 7.5.2. When no dilution has been made, x = 100.1 NOTE -- Include the result obtainedfor a copper determination made on any insoluble residue(7.5.1).

the sertifying

8.2 8.2.1

General

treatment

of results

N, n

is the number of certifying laboratories; is the number of replicate determinations on the

Repeatability

and permissible tolerance

reference

material (in most cases n = 1);

+he precision of this analytical method is expressed by the following regression equations :I) r P = O.Oz388 + 0.0010

uL and CT, are as defined in 8.2.1. If condition (6) is satisfied, i.e. if the left-hand side is less than or equal to the right-hand side, then the difference 1 A c -- A 1is statistically insignificant; otherwise, it is statistically significant. Wher, the difference is significant, the analysis shall be repeated, simultaneously with an analysis of the test sample. If the difference is again significant, the procedure shall be repeated using a different certified reference material of the same type of ore. When the range of the two values for the test saiple is outside the limit for r Calculated according to equation 12) in 8.2.1, one or more additional tests shall be harried out in accordance with the flowsheet presented in annex A, simultaneously with an

`. (21
(3) (41

= 0,066FX+0,0040 + o.ooo4

(3, = 0 0105X

(TL = 0,022 4 .Y + 0,0014

W

X is the copper content, as a percentage by mass, of the predried test sample, calculated as follows :

- within-laboratory equations mean of the duplicate values;

12. 4);

the

arithmetic

analysis of a certified reference material of the same type of
ore. Acceptability of the results for the test sample shall in each case be subject to the acceptability of the results for the certified reference material.

- between-laboratories equations (3, 5); the arithmetic mean of the final results (8.2.31 of the two laboratories; r is the permissible (repeatabilityl; P tolerance within . between laboratories; a laboratory

is the permissible tolerance

NOTE - The following procedure should be used when the information on the reference material certificate is incomplete :
a) if there are sufficient data to enable the between-laboratones

(5,
oL

is the within-laboratory standard deviation; is the between-laboratories standard deviation.

standard deviation to ba eqimated. delete the expression &l"wc and regard yLcas the st?&& deviation of the laboratory means:

-_11 Additional information is given in annex B and annex C
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b) if the certificationhas been made by only one laboratoryor if the interlaboratory resuitsare missing,use the followingcondition :

discarded and the figure in the third decimal place is kept unchanged if it is 0,2,4,6 or 8 and is increased by one if it is 1, 3.5, 7-or 9.

8.3
8.2.3 Calculation of final result

Oxide factor wdo (%I = 1,251 8 wcU (%)

The final result his the arithmetic mean of the acceptable analytical values for the test sample or as otherwise determined by the operations specified in annex A, calculated to five decimal places~and rounded off to the third decimal place as follows : a) when the figure in the fourth decimal place is less than 5, it is discarded and the figure in the third decimal place is kept unchanged; b) when the figure in the fourth decimal place is 5 and there is a figure other than 0 in the fifth decimal place or when the figure in the fourth decimal place is greater than 5, the figure in the third decimal place is increased by one; c) when the figure in the fourth decimal place is 5 and -there is the figure~0 in the fifth decimal place, the 5 is

9

Test report

The test report shall include the fdllowing information a) b) c) d) reference to this International Standard:

:

details necessary for the identification of the sample; result of the analysis; reference number of the result:

e) any characteristics noticed during the determination and any operations not specified in this International Standard which may have,had an influence on the result either for the test sample or the certified reference material(s).
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SAnnex A Flowsheet of the procedure for the acceptance for test samples
(This ahnek forms an intbgral part of this International

of analytical
Standard.)

values

t

I

Perform q ,

x4

I

Ran*

of xl, x2, x3, y,

< 1,3r

E = x1 + x2 +.x3 4

f x4

NO

E = Median of xf, x2, x3. x4

r : .ss defined in 8.2.1.
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Annex Derivation of repeatability

B tolerance equations

and permissible

(TIIIS annex is for information only, and is not an integral part of this International Standard.)

The regression equations in 8.2.1 have been derived from the results of international analytical trials carried out in lg72/1973 on fii iron ore samples involving 45 laboratories in nine countries. Graphical treatment of the precision data is given in annex C. The test samples used were

:
Sample Malmberget concentrate (72-l Kiruna R (72-2) Roasting residue (Purpurerz) (72-3) Russian pyrite cinder (Russ Abbrande) (72-4) Forsbo ore (72-5) Copper content 1% (m/m)]

1

0,001 0,011 0,072

0.380

,

0,787

NOTES 1 A report of the international trial and a statistical analysis of the results (Document ISO/TC 102/SC 2 N 306E, May 1973) is available from either the Secretariat of ISOlTC 102/SC 2 or the Secretariat of ISOlTC 102.
2 The statistical analysis has been performed in accordance with the principles embodied in IS0 5725.

9
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.

Annex Precision data obtained

C analyticatrials

by international

(Thisannex is for infdrmation only, and is not ari integral part of this International Standard.)

NOTE -

This figure is a graphical presentation of the equations in 8.2.1.
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Figure -

Least-squares fit of precision against X for copper

10

Bureau 01 Indian Standards BIS is a statutory institution establisMd under the Bureau o/Indian Standarb Acr, 1986 to promote harmonious development of the activities of standardization, marking and quality certification of goods and attending to connected matters in the country. Copyright BIS has the copyright of all its publications. No part of these publications may be reproduced in any form without the prior permission in writing of BIS. This does not preclude the free use, in the course of implementing the standard, of necessary details, such as symbols and sizes, type or grade des,ignations. Enquiriesrelating to copyright be addressed to the Director ( Publications ), BIS. Revision of Indian Standards Indian Standards are reviewed periodically and revised, when nece'ssary and amendments, if any. are issued from time lo .time. Users of Indian Standards should ascertain that they are in possession of ~the latest amendments or edition. Comments on this Indian Standard may be sent to BIS giving the following reference : Dot. No. MTD 29 (3816) Amendments Issued Since Pablication _~_ ~ Amend No. Date of Issue Text Affected

BUREAU OF INDIAN Headquarters :

STANDARDS

Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi 110002 Telephones : 331 01 31, 331 13 75 Regional 05ces :

Telegrams :)Manaksanstha ( Common to all Offices ) Telephone 331 01 31 331 13 75 37 86 62 2 18 43 41 29 16 6 32 92 95

Central : Manak Bhavan, 9 Bahadur Shah Zafar Marg NEW DELHI 110002 Eastern : l/14 C.I.T. Scheme VII M, V.I.P. Road, Maniktola CALCUTTA 700054 Northern : SC0 445-446, Sector 35-C. CHANDIGARH 160036

Southern : C.I.T. Campus, IV Cross Road, MADRAS 600113 Western : Manakalaya, E9 MIDC, Marol, Andheri ( East ) BOMBAY 400093 Branches : AHMADABAD. COIMBATORE, HYDERABAD. BANGALORE. BHOPAL. BHUBANESHWAR. FARIDABAD, GHAZIABAD, GUWAHATI. JAIPUR. KANPUR. PATNA. TRIVANDRUM.

Printed

at Kay Kay Printers

150-D

Kamla Nagar Delhi

. 1 loo07

\

